The purpose of this article is to examine what affected the technical efficiency of banks in Central and Eastern European countries during the financial crisis. Firstly, this article analyzes the technical efficiency of banks in the selected countries in Central and Eastern Europe during the period 2006-2013. In this article, the technical efficiency of Central and Eastern European banks is explored in respect to the size of the banks (large or small) and their belonging in a specific group of countries. The results of the analysis show a strong association between the numbers of efficient banks and belonging of banks in the group of V4 countries (Visegrad countries are the Czech Republic, Hungary, Poland, and Slovakia). The banks in Balkan countries have a negative association with the number of efficient banks in the group; the banks in this group of countries have the highest average efficiency (when the output was net interest margin). There is a weak association between the number of efficient banks and their belonging in the group of Baltic countries. The bank efficiency and the size of the bank's assets are also weakly associated. Secondly, the results of panel regression models for the specific groups of countries (V4, Baltic, and Balkan countries), as well as for the whole group of Central and Eastern European countries show that the customer deposits had a positive impact on the technical efficiency of banks during the financial crisis.
Introduction
The banking sectors in Central and Eastern European countries have undergone a complex process of restructuring and subsequent privatization. This intensive reform process used similar instruments and similar speed of reform adoptions, but the impact of these changes among Central and Eastern European (CEE) countries is different. Understanding the drivers of bank efficiency is an important part of bank management and regulation.
The purpose of this article is to examine what affected the technical efficiency of Eastern European banks during the financial crisis. This article analyzes the technical efficiency of banks in the selected countries in Central and Eastern Europe (Czech Republic, Croatia, Hungary, Estonia, Latvia, Lithuania, Poland, Romania, Slovakia, and Slovenia) during the period 2006-2013. In the article, the technical efficiency of Central and Eastern European banks is explored in respect to the size of the banks (large or small) and their belonging in a specific group of countries.
Previous research shows that the regulatory changes and EU standards have a positive impact on the efficiency of banks in CEE countries (Nurboja and Košak 2017; Košak and Zajc 2006) .
A considerable part of the research is devoted to the relationship between the efficiency of banks and their ownership. Many studies conclude that the privatization of state-owned banks In the first step, the technical efficiency of the CEE banks was explored using correlation analysis in respect to two aspects: (1) in respect to the size of banks, for which the banks were divided into large and small (the criterial value was the median of assets); and (2) in respect to belonging of bank to the specific group of CEE countries. CEE countries were divided into 3 groups: V4 countries, Balkan countries, and Baltic countries. V4 group of countries also known as the Visegrad countries includes the Czech Republic, Hungary, Poland, and Slovakia.
In the next step, the panel regression analysis was performed, where the technical efficiency of banks was the dependent variable. The panel regression method was used to examine what affected the technical efficiency of Eastern European banks during the financial crisis. The drivers of efficiency were examined on the whole sample of CEE banks as well as using three specific groups of countries (V4 countries, Balkan countries, and Baltic countries). In this study, banks from 11 CEE countries (Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, and Slovenia) were analyzed using data from BankScope and data from individual financial statements of banks. For these purposes, the method of DEA is used. The analysis uses the panel data of 51 selected banks during the period 2006-2013.
Literature Review
The region of Central and Eastern Europe consists of very different countries with different levels of transformation and reform. On the other hand, the banking systems of individual countries follow the same rules and mechanisms, although with different impacts.
Several papers have associated the stability and performance of banks with their adequate capital and liquidity. These studies are very important for understanding the real economic processes in CEE banking sectors.
VanHoose (2007) asked whether capital controls based on risk measurement actually make individual banks and the banking system as a whole "safer". Relative growth of the "capital cushion" can quickly dissipate if the bank's behavior does not respond to capital covering and banks hold the risky asset classes in the portfolios or unless they take sufficient measures to evaluate the adverse selection or moral hazard. VanHoose (2007) supported the idea that banks are portfolio managers and the approach of the portfolio management gives qualified support for capital controls. The author pointed out the differences in the behavior of banks under selected characters. The main contribution is the comparison of various studies and methods. For example, Berger et al. (2008) showed that the size of the bank may have a negative impact on the capital growth. According to Ahmad et al. (2008) , the larger banks have an easier access to capital markets, which is related to greater flexibility in the use of hybrid instruments or subordinated debt. Moreover, larger banks may make pressure on public finance in the case of emergency.
A positive impact of the bank size was found by Gropp and Heider (2010) , based on the fact that large banks hold higher capital and reserves to compensate their increased complexity. Jokipii and Milne (2011) presented recent studies which suggested that banks could hold liquidity as insurance against shocks or as a buffer, which reduces the need for additional capital. Distinguin et al. (2013) considered that small banks may increase capital as the compensation for the lack of liquidity. Tanda (2015) stated that profit contributes to a potential rise in capital in the sense that a high level of profitability will allow the banks to raise the capital through retained earnings from internal sources or from external funds by issuing new shares.
Other authors analyzed many aspects of banks in CEE countries. Égert et al. (2006) analyzed the equilibrium level of private credit to GDP ratio in 11 transition economies of CEE countries using the dynamic panels. They estimated the coefficients for transition economies as much higher than coefficients obtained for OECD and emerging market economies. They testified that the bias is caused by the initial undershooting of private credit to GDP in most countries. They used the small open economies of OECD countries as a benchmark to set the equilibrium level of private credit to GDP level for transition economies. Altmann (2006) published a study about Central and Eastern Europe and its particularly stunning increase in international banking presence. This follows a trend in Europe where cross-border banking groups typically exist in regions with strong cultural or language ties. Following the political, economic changes, and several banking crises, CEE countries thus opened up their banking market to foreign entry and their state-owned financial institutions were privatized by foreign investors. Banks from nearby Austria, Italy, Hungary, and Belgium were the natural acquirers. Due to this development, countries in CEE have become a region where the financial environment can be considered ahead of the trend with an abundance of cross-border provisioning of banking services and cross-border ownership of financial institutions.
However, Altmann (2006) saw some risks in this development: "The fact that foreign investment in CEE banking is not very diversified among countries and banks might create additional problems for the region due to contagion rising not only from the EU-15 to the east, but also between individual CEE host countries. This is due to the fact that banks active in the region that are experiencing losses due to a crisis, let us say in Hungary, might have to reduce exposure in the Czech Republic and thus transfer the crisis. Moreover, several CEE economies may be hit by the same contagion from one country (for instance Austria) due to the high market share of banks from a few countries in the entire region. The issue of credit stability and pro-cyclical lending behavior by foreign banks is thus a very important concern for CEE".
The most inspiring studies providing the analysis of bank efficiency are presented in the following paragraph. Halkos and Salamouris (2004) explored the efficiency of Greek banks using many financial ratios for the period 1997-1999. The aim of their study was to examine the efficiency of banks using ratios such as return on equity (ROE), return on assets (ROA), profit/loss per employee, the net interest margin ratio and efficiency ratio. They found a wide variation in bank performance and showed that the increase in efficiency is connected to the reduction of the number of small banks due to bank concentration. Molnar and Holló (2011) evaluated the efficiency of banks in Hungary in comparison with the EU banks during the period 2004-2008. They used 1600 observations for the cost efficiency analysis using the Stochastic Frontier Approach (SFA). The personnel expenses, capital and sources were the inputs; credits volume, other assets and non-interest incomes were considered as outputs. Stavárek (2005) was one of the first authors dealing with the efficiency of banks with focus on banks of V4 countries restructuralization using DEA and SFA models. The inputs of the DEA model were following: deposits, fixed assets and personnel expenses; credits and net interest margin were treated as outputs. He used an unbalanced panel from 59 to 70 banks of V4 countries. Anayiotos et al. (2010) estimated the bank efficiency before and after the financial crisis. They analyzed 125 banks from 14 European countries during the period 2004-2009 using DEA analysis. The inputs were capital, interest costs and operating costs; the outputs were credits volume, pretax profit, and investment portfolio of securities. The highest efficiency was in 2007; the rapid decrease in the efficiency was observed in 2009. Using results from DEA, the author estimated the Ordinary Least Squares (OLS) model. The results show the impact of GDP and banks ownership on the efficiency. Pancurova and Lyocsa (2013) evaluated the efficiency of 187 banks in the period 2005-2008 using the DEA analysis. Deposits and costs were the inputs in the analysis; the outputs were credits volume and other assets. In the V4 countries, the Czech Republic was the most cost efficient; Hungary had the lowest efficiency. The LNTA (size of bank), ETA (capital to assets ratio) and FOREIGN (foreign ownership) had a positive impact on the efficiency; the indicator LOANS (credits volume) had a negative impact on the efficiency. Andries and Capraru (2014) investigated the impact of the European Union integration process on banks' efficiency and the convergence of cost efficiency across banking systems from Central and Eastern European countries from 2004 to 2010. They observed large differences in the level of cost efficiency between national banking systems and noticed an increase in banking efficiency for all banking systems until 2008. They investigated the convergence process in determination by an increase in the average efficiency level of less efficient banking systems. The convergence process can also be determined by the decrease in the average efficiency level of the banking systems known as the "lagging-behind" process. Svitalkova (2014) analyzed the efficiency of banks in Austria, Czech Republic, Hungary, Poland, Slovakia, and Slovenia during the period 2004-2011. Personnel expenses, fixed assets and deposits were used as inputs. Net interest income and credits volume were considered as outputs. The author used the indicator of loan impairment charge as an unappropriated output. The result shows that the Hungarian banking system was the most efficient in 2004 and the Czech banking system was the most efficient in 2011. Repková (2014) estimated the efficiency of Czech commercial banks during the period 2001 to 2011. She applied Dynamic DEA model on data from the Czech commercial banks. The DEA measures the relative efficiency of a homogeneous set of decision-making units by using multiple inputs to produce multiple outputs. The Dynamic Data Envelopment Analysis is a new approach to estimate the performance of a group of decision making units (DMU) during several periods. The results of Dynamic DEA models showed that the average efficiency computed under the assumption of constant returns to scale reached lower values (86.7%) than the average efficiency estimated under the assumption of variable returns to scale (95.7%).
Zimková (2014) focuses on the bank efficiency in Slovakia in her series of works on this topic. Zimková (2014) also used a model of super efficiency. The point is that it removed the most efficient bank from the dataset and created a new model of relative efficiency. Palečková (2015) analyzed the efficiency of banks in V4 countries in the period 2009-2013 using DEA analysis, CCR, and BCC Model for 62 banks. The personnel expenses, fixed assets and deposits were considered as inputs. The net interest income was considered as an output. The results showed decreasing bank efficiency during the period 2010-2011 as well as increasing efficiency in the year 2013. The results of CCR Model show the Czech banking system as the most efficient and BCC Model considered the Hungarian banking system as the most efficient. Nurboja and Košak (2017) compared the cost efficiency of banks in the South East European (SEE) countries (Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Kosovo, Montenegro, Romania, Serbia, and Slovenia) and found out the differences in efficiency related to EU membership. They investigated how efficiency differences depend on EU membership. They used the SFA model approach with three specifications using the translog cost function, in which they controlled for the specific environment and structural differences of the countries. The first part of their study was oriented to an analysis of gap in the cost efficiency between EU and non-EU banking systems in the SEE countries. They controlled for effects of the crisis in the β-convergence and σ-convergence equations and showed that the convergence speeded up during the crisis period. The second part of the study found that during the global financial crisis, the average cost efficiency of banks in SEE countries improved, which can be explained by cost optimization in SEE banks in crisis times.
Degl 'Innocenti et al. (2017) examined the efficiency of 116 banks in new EU members in CEE countries in the period 2004-2015. They employed the weight assurance region and they treated the deposits as an intermediate variable in the two stage DEA model. The results indicated the low level of efficiency over the period of analysis. They found that inefficiency in CEE countries was mainly driven by the profitability stage rather than the value added activity stage.
A comparison between the Islamic bank efficiency and conventional banks during the financial crisis is very interesting, because the Islamic banking system does not approve the specific types of operations. The authors Alqahtani et al. (2017) investigated the efficiency of Islamic and conventional banks in the GCC (Gulf Cooperation Council) region using DEA and SFA before, during, and after the financial crisis. The results show that the Islamic banks were more cost efficient in comparison to conventional banks. The Islamic banks closed the inherent gap in terms of profit efficiency to the significant level compared to the period prior to financial crisis. Conversely, during the period after the global financial crisis, Islamic banks suffered more than conventional banks in terms of profit efficiency. With regard to ownership, the domestic banks were more cost efficient than foreign banks in the GCC region; there was no significant difference between the state-(co)owed and privately owned banks. Doan et al. (2018) examined the relation between income diversification and bank efficiency in the period 2003-2012 across 83 countries. They used SFA approach to estimate bank cost efficiency. They found that the benefits of bank income diversification are offset by the increased exposure to volatile non-interest activities. Secondly, state ownership was associated with lower efficiency in developing countries before the financial crisis; however, foreign ownership had the upper hand in bank efficiency compared with domestic banks in developing countries after the financial crisis. Their findings highlight the implications of bank income diversification and ownership for efficiency. These findings are also relevant to bank regulators who consider additional regulations. Novickytė and Droždz (2018) evaluated bank performance in a low interest rate environment using the input oriented DEA model with the variable returns to scale (VRS) and with the constant returns to scale (CRS) methods. The VRS method yielded better results for local banks and the CRS method demonstrated better efficiency of the banks owned by the Nordic parent group. Fernandes et al. (2018) examined the efficiency of peripheral European domestic banks (Greece, Ireland, Italy, Portugal, Spain) using the effects of bank-risk determinants over the period [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . DEA was utilized on the Malmquist Productivity Index in order to calculate bank efficiency scores. In the next step, the Double Bootstrapped Truncated Regression was applied to obtain bias-corrected scores. In this study, the liquidity and credit risk were found to negatively affect the bank productivity whereas capital and profit risk had a positive impact on their performance. The crisis was also found to magnify the effect of bank-risk variables on a bank's efficiency for lower levels of financial development during the financial crisis. This study postulates that bank efficiency metrics could be considered as an early warning indicator for a financial crisis.
Methodology

Empirical Methods
Technical efficiency refers to the ability of decision making units, such as banks, insurance companies, firms, universities, faculties, hospitals, and others types of production units to obtain the maximum amount of output by a given volume of inputs (output oriented models), or indicates the minimum necessary input to produce a given volume of the output (input oriented models).
The DEA model is used for the evaluation of bank efficiency. We evaluate the technical efficiency using a set of data for 51 banks of CEE using the balanced panel.
The DEA models are input oriented or output oriented. Input oriented models give recommendation on what should be done with inputs (the amount of decreasing inputs) and output oriented models give recommendations on what should be done with the output (the amount of increasing output by given inputs). The DEA models not only recognize efficient and not efficient production units, but DEA also gives recommendations what production units should do to achieve efficiency frontier. In contrast to technical efficiency, the allocation efficiency takes into account the size of the bank.
The DEA belongs to the non-parametric methods of efficiency measuring. The DEA models do not separate the effect of random errors and errors in the measurement of inefficiency. Non-parametric methods consider the distance from the efficient frontier as inefficiency; they do not include the random error. DEA measures the relative efficiency of production units in the examined group of units. Changing the group of DMUs, we can expect changed efficiency of the evaluated units.
In this paper, the input-oriented CCR and BCC models are used. Based on Jablonský and Dlouhý (2004) , the input-oriented CCR-I (Charnes-Cooper-Rhodes-Input) model can be written in the form of linear programming problem:
Under the conditions:
Based on Jablonský and Dlouhý (2004) , the input-oriented BCC-I (Banker-Charnes-Cooper-Input) model can be written in the following form:
Parameter µ reflects the conditions of convexity of the BCC-I model. The theoretical nature of the DEA requires that subjects observed in the group (DMU = Decision Making Unit) have to be banks with a similar focus.
Therefore, we omitted specialized banks, housing savings banks, and state guarantee banks. The number of production units has an impact on the number of analyzed factors in efficiency measurement.
As per the rule of Cooper et al. (2007) , the number of the analyzed inputs and outputs should not be greater than one third of analyzed production units:
The m and s are the number of inputs and outputs, n is the number of DMUs.
In the next step, we will evaluate whether there is an association or an internal relationship between the average size of banks' assets in CEE on the one hand and the technical efficiency measured by DEA on the other hand.
The association analysis has the advantage that it can make correlation between qualitative indicators and not between numerical indicators. The hypotheses are built as follows:
H0. There is no association between the size of the asset and the technical efficiency of banks in CEE countries.
H1.
There is an association between the size of the asset and the technical efficiency of banks in CEE countries.
Theoretical frequency was calculated as follows:
In this paper, the panel regression model is used as well. Firstly, we make panel regression model to find out which factors affect the net interest margin of the banks of CEE countries. We use the net interest margin as a dependent variable; we use the indicators that are inputs in DEA model as explanatory variables in the panel regression model.
Secondly, we use the panel regression model to analyze the impact of bank business indicators on the technical efficiency of banks in selected groups of CEE countries.
The data in the panel are the same as data in the DEA model. The basic form of panel regression model is expressed as:
where: i = 1, . . . , N = sectional index t = 1, . . . , T = time index, u it = random error α = omitted effects.
The Hausman test was used to select one of the two models (fixed or random).
Sample and Variables
In this paper, data from BankScope and data from individual financial statements of banks were used (Table 1 ). The analysis uses the panel data of 51 selected banks during the period 2006-2013. The data were used directly from the BankScope and ratios were created based on them. The selected variables used are: Net Loans, Fixed Assets, Total Assets, Customer's Deposits, Loan Impairment Charge, Pretax Profit, Net Interest Margin, and Personnel Expenses.
The indicator of Efficiency was created by the efficiency estimation using Max DEA system. The ratio indicators were created based on data from BankScope. FAtoTA = Fixed Assets/Total Assets NLtoCD = Net Loans/Customer's Deposits NLtoTA = Neat Loans/Total Assets CDtoLI = Customer's Deposits/Liabilities LICHtoNL = Loan Impairment Charge/Net Loans PEtoPP = personnel Expenses/Pretax Profit 
Results
Results of Correlation Analysis
In the first step, the evaluation of association analysis was done between the size of banks assets and their efficiency. We divided the banks into groups with a large or a small size of assets and we involved the results in the summary table. The criteria value to include the assets in the groups of large/small is the median value (median of all banks assets).
The DEA model output is a net interest margin and inputs are fixed assets, personnel expenses, customer deposits and credits. The paper analyzes whether the large banks have better efficiency, or whether technical efficiency is related to being a part of a selected group of countries. The analysis results show a strong association between efficiency and belonging of banks to V4 countries.
The DEA model shows that many banks in CEE countries have problems with technical efficiency. The main groups of problems are the following: high fixed assets, high personnel expenses and weak ability of customer deposits placing to obtain surplus.
In the next step, the calculation of the Pearson χ 2 (chi-square) is done based on squares of differences between the observed and theoretical frequency.
The following Table 2 shows the results of correlation between efficiency1 and size of banks. It was calculated for CEE banks within one dataset. Comparing the calculated value with the interval for the null hypothesis and the values χ 2 (chi-square), we either reject the null hypothesis (if χ 2 is located in the area of the H0 rejection) or we do not reject the null hypothesis (if the value of χ 2 is outside the area of H0 rejection). The calculated value is 2.63; this value is in the area of hypothesis H0 non-rejection. It means that there is no association between the asset size and bank efficiency in the group of CEE banks.
Based on this, we analyzed the association between the technical efficiency of banks and their belonging to a particular group of countries. We divided banks based on 3 criteria into groups of countries: (1) V4 countries, (2) Baltic countries, and (3) Balkan countries. We identified 18 banks in V4 countries, 17 banks in the Baltic, and 16 banks in Balkan countries. We recognized 18 technically efficient banks and 33 technically not efficient banks. The next Table 3 shows the detailed results of the association analysis: The results of the association analysis show that there is a strong association between the number of efficient banks and belonging of efficient banks to the group of V4 countries. The major bank owners are foreign banks from Austria, Italy, and Hungary. The belonging in a group of banks from the Balkan countries has no association with the number of efficient banks. There is a weak association between the number of efficient banks and belonging of banks to the group of Baltic countries.
This result does not contradict the fact that the average values of efficiency (calculated by net interest margin as output) of banking systems CEE are the highest in the Balkan countries (0.67); followed by Visegrad Countries (0.385); and Baltic countries (0.25). This may indicate that banks in Balkan countries had higher net interest margin connected with weak openness of market, related to the fact that businesses have fewer opportunities to draw loans from abroad; this may be related to currency risk, which is included in the prices of products.
Several studies indicate lower efficiency of Balkan banks (Degl'Innocenti et al. 2017) . That is why we did another DEA performance analysis (Efficiency2) using net loans as output. These results are consistent with other authors who claimed that more efficient banks are in V4 countries. This means that the DEA analysis with net interest margin as output is very specific and its conclusions are only valid in this context. Additionally, Nurboja and Košak (2017) found that during the global financial crisis, the efficiency scores in South East European countries improved, which is explained by the enhanced incentives of bank managers to optimize the costs during the crisis period.
The following Figure 1 shows the average bank efficiency in specific groups of CEE countries based on Efficiency1. It was calculated for CEE banks within one dataset.
are only valid in this context. Additionally, Nurboja and Košak (2017) found that during the global financial crisis, the efficiency scores in South East European countries improved, which is explained by the enhanced incentives of bank managers to optimize the costs during the crisis period.
The following Figure 1 shows the average bank efficiency in specific groups of CEE countries based on Efficiency1. It was calculated for CEE banks within one dataset. 
Results Related to the DEA (Data Envelope Analysis)
There are three main approaches to evaluate the efficiency of commercial banks: (1) the intermediary approach, (2) the asset-based approach, and (3) the production approach. In this paper we follow the intermediary approach.
These approaches determine the choice of inputs and outputs for the DEA models. The intermediary approach is directly based on the intermediary function of banks; the asset-based approach gives importance to the ability to build bank assets; and the third approach allows for the wide variability of inputs and outputs.
Combinations of inputs and outputs frequently used by various authors are presented in the following Table 4 . 
Combinations of inputs and outputs frequently used by various authors are presented in the following Table 4 . The analysis of previous papers in the field of bank efficiency shows that the most frequently used inputs were personnel expenses, deposits, capital, and fixed assets. The most frequently used outputs were credits, securities, and other earning assets.
We processed the results of an input oriented DEA model. The model inputs were net loans, customer deposits, fixed assets, and personal expenses. The output was net interest margin (NIM) because the net interest margin is an indicator that is specific for different banks. Therefore, it is the most appropriate indicator to be used for our analysis as an output of the DEA model.
The banks that were technically efficient at least once in the period 2006-2013 were marked as E in the table (see Table 5 : Efficiency of individual banks). Columns 5-12 show the efficiency coefficients. These coefficients were outputs from the DEA model. The technically efficient banks have coefficient value 1; the banks with the coefficient value lower than 1 are technically not efficient. Column 1 of Table 5 indicates the number of the evaluated bank as DMU. The names of banks in the dataset are presented in Appendix of this paper (Appendix A: List of banks in the analysis). Column 2 of Table 5 shows the results of selected criteria of the association analysis. Column 3 shows the size of bank assets, column 4 expresses the efficiency of banks: efficient banks (E), or not efficient banks (N).
The following Figure 2 shows the average bank efficiency in individual CEE countries based on Efficiency1. It was calculated for CEE banks within one dataset.
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The analysis of previous papers in the field of bank efficiency shows that the most frequently used inputs were personnel expenses, deposits, capital, and fixed assets. The most frequently used outputs were credits, securities, and other earning assets.
The following Figure 2 shows the average bank efficiency in individual CEE countries based on Efficiency1. It was calculated for CEE banks within one dataset. Source: processing using data from BankScope. Columns 5-12 contain the efficiency coefficients of individual banks in dataset (Appendix A: List of banks in the analysis).
We found that the average bank efficiency measured by output net interest margin was decreasing in the period of financial crisis, except Romania, Croatia, and Slovenia.
We were interested to compare the results of our research with the existing papers; thus we used a similar structure of inputs and outputs as in other studies.
In this case, for Efficiency2 the net loans were considered as outputs and customer's deposits, fixed assets and personnel expenses were considered as inputs. This analysis is only Supplementary Information about the sensitivity of efficiency measurement to the variable considered as output. Therefore, the results of Efficiency2 are very different in comparison to Efficiency1 and the interpretation of efficiency should be in a close link to the defined starting points. The results of Efficiency2 are in the following Table 6 . Source: processing using data from BankScope. Columns 5-12 contain the efficiency coefficients of individual banks in dataset (Appendix A: List of banks in the analysis).
The Figures 3 and 4 show the differences in efficiency value due to a changed variable in the position of output. 7061 Source: processing using data from BankScope. Columns 5-12 contain the efficiency coefficients of individual banks in dataset (Appendix A: List of banks in the analysis).
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The Figures 3 and 4 show the differences in efficiency value due to a changed variable in the position of output. The following Figure 5 shows the average bank efficiency in individual CEE countries based on Efficiency2. It was calculated for CEE banks within one dataset. 7061 Source: processing using data from BankScope. Columns 5-12 contain the efficiency coefficients of individual banks in dataset (Appendix A: List of banks in the analysis).
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The Figures 3 and 4 show the differences in efficiency value due to a changed variable in the position of output. The following Figure 5 shows the average bank efficiency in individual CEE countries based on Efficiency2. It was calculated for CEE banks within one dataset. The following Figure 5 shows the average bank efficiency in individual CEE countries based on Efficiency2. It was calculated for CEE banks within one dataset. These results are consistent with Anayiotos et al. (2010) . They found that banks have the highest efficiency in the pre-crisis year of 2007.
Our results for V4 were similar to Pancurova and Lyocsa (2013) , who used the mediation approach. The results for the period 2005-2008 found the banking sector in the Czech Republic as the most efficient and the banking sector in Hungary as the least efficient. Gallizo et al. (2017) analyzed the evolution of banking efficiency in the Baltic countries after their accession to the EU and during the financial crisis. They estimated profit and cost efficiency during the period 2000-2013 using Bayesian stochastic frontier model. They found that the Baltic banking system recovered its profit efficiency very quickly after the financial crisis. The results of our efficiency analysis are consistent with this result.
We also found that the average efficiency of banks measured by BCC models in V4 countries in the period 2006-2013 ranged from 0.6 to 0.8; this result was similar to Palečková (2015) ; Svitalkova (2014); Anayiotos et al. (2010) .
Regression Investigation
There are some differences in the efficiency of banks among the different groups of countries. We were interested in finding out what the links are between the selected factors on the one hand and the links between the technical efficiency pursued on the other hand. We tried to complete the results of DEA analysis with results of panel regression models. Data used in panel regression model are identical to the data in the DEA model. The panel regression model was estimated in the "R-studio" system. These results are consistent with Anayiotos et al. (2010) . They found that banks have the highest efficiency in the pre-crisis year of 2007.
We also found that the average efficiency of banks measured by BCC models in V4 countries in the period 2006-2013 ranged from 0.6 to 0.8; this result was similar to Palečková (2015) ; Svitalkova (2014) ; Anayiotos et al. (2010) .
There are some differences in the efficiency of banks among the different groups of countries. We were interested in finding out what the links are between the selected factors on the one hand and the links between the technical efficiency pursued on the other hand. We tried to complete the results of DEA analysis with results of panel regression models. Data used in panel regression model are identical to the data in the DEA model. The panel regression model was estimated in the "R-studio" system.
In the next analysis, we focused on the dependence between the technical efficiency of banks (Efficiency1 with output net interest margin) as a dependent variable and the selected indicators in the countries of CEE and in individual groups of countries during the financial crisis.
In V4 countries, the results proved that there was a significant link between technical efficiency and customer's deposits. There is a positive relationship between the technical efficiency of banks and total assets; there is a negative relationship between technical efficiency and net loans. The banks in V4 countries thus achieved efficiency from other types of assets than loans. This result shows that the negative relationship between efficiency and loans is consistent with Pancurova and Lyocsa (2013) .
It is interesting to see that there is a positive relation between efficiency and loan impairment charge. It is necessary to understand the problem of "impairment" in order to understand this relationship. The international accounting principles define the "impairment" as only in the eye of the beholders. The value must be tested (at least annually) to determine if the recorded value is greater in comparison to fair value. If the fair value is lower than the recorded value, the value of loans must be charged off. Loan impairment charge is not the same as non-performing loans, but it decreases the market (fair) value of loans. So, in this sample, the loan impairment charge was positively related to efficiency.
The following Table 7 shows the results of panel regression model created for V4 countries; the dependent variable was Efficiency1. Source: processing using data from BankScope. Values in parentheses are std. error and t-value and *** denotes statistical significance at the 1% level, ** at the 5% level and * at the 10% level.
The relationship between the technical efficiency of banks in Baltic countries as a dependent variable and gross loans is negative. This is probably connected with the period of financial crisis. Total assets have a positive relationship with the technical efficiency during the financial crisis. Pretax profit does not have a positive relationship with the technical efficiency; profitability does not automatically mean efficiency in this group of countries.
Loan Impairment Charge was in a negative relation with technical efficiency in the group of Baltic countries. Personnel expenses and fixed assets are the factors which had a negative impact on the efficiency of Baltic banks.
The following Table 8 shows the results of panel regression model created for Baltic countries; the dependent variable was Efficiency1. The Balkan countries analysis points out that there is a negative relation between the technical efficiency as a dependent variable and the total assets. The technical efficiency of banks had a negative relation with the net loans and with the fixed assets share on total assets. The share of deposits in the liabilities had a positive impact on efficiency.
There is a negative relation between the fixed assets to total assets ratio and technical efficiency, which indicates the inappropriate range of fixed costs.
The following Table 9 shows the results of panel regression model created for Balkan countries; the dependent variable was Efficiency1. The relationship between the technical efficiency of banks within the whole group of CEE countries and the customer deposits is positive and significant in the period of financial crisis.
The relationship between the technical efficiency on the one hand and total assets and net loans on the other hand is negative.
Personnel expenses have a positive relationship with the technical efficiency of banks in CEE countries. The causes will be the subject of the following research.
The following Table 10 shows the results of panel regression model created for the whole group of Central and Eastern Europe countries; the dependent variable was Efficiency1. 
Conclusions
In our analysis, the technical efficiency of banks in CEE countries refers to the risk that the banks' interest margins during the financial crisis were not adequate compared to the inputs in the form of loans, deposits, fixed assets, and personnel expenses. It could signal that there were general problems in creation of banking net interest margins during the financial crisis, especially in conditions of low interest rates policy combined with a decline in credit volumes.
The results of the association analysis show that there is a strong association between the number of efficient banks and belonging of efficient banks to the group of V4 countries. Foreign banks from Austria, Italy, and Hungary are the major bank owners. The belonging in a group of Balkan banks has not an association with the number of efficient banks in this group. There is a weak association between the number of efficient banks and belonging to the group of banks in Baltic countries.
This result does not contradict the fact that the average values of efficiency (calculated by net interest margin as output) of banking systems CEE were the highest in Balkan countries (0.67); followed by Visegrad Countries (0.385); and Baltic countries (0.25). This may indicate that banks in Balkan countries had a higher net interest margin connected with weak openness of market, related to the fact that businesses have fewer opportunities to draw loans from abroad; this may be related to currency risk, which is included in the prices of products.
We were interested to compare the results of our research with the existing papers; we used similar inputs and outputs as other studies. The net loans were considered as outputs and inputs were customer's deposits, fixed assets, and personnel expenses. This analysis presented only Supplementary Information about the sensitivity of efficiency measurement to the variable considered as output. The results of Efficiency2 are very different in comparison to Efficiency1. Using credits as output, the average efficiency value was higher. It means that efficiency results should be explained in a close link to the defined starting points.
The association between the bank efficiency and the size of the bank assets is weak. This is an interesting result because there are higher expectations related to large banks and the current regulation protects large banks more to avoid potential negative impacts and as well as the domino effect on the entire economy.
The results of panel regression models for V4 countries show that technical efficiency is positively influenced by the customer deposits and total assets. The technical efficiency of banks had a negative relation with the net loans and the gross loans. The banks in Balkan countries thus achieved efficiency from other types of assets than loans. Total assets in the banks of Baltic countries have a negative relationship with the technical efficiency during the financial crisis.
The relationship between the technical efficiency of banks within the whole group of CEE countries and among the customer deposits is positive and significant.
Based on this analysis we can draw a conclusion that the customer deposits in CEE had a positive impact on the bank's technical efficiency during the financial crisis. However, this result of the study will be further examined.
The results for regulators and policymakers in the area of regulation and support of credit activities are the following: it appears that the slowdown in credit activities in the sphere of the real economy has a significant impact on the banking sector. Actions to support lending activities are needed. Individual measures in the regulation should act countercyclically. Countercyclical regulation of banking sector is the right way. It is necessary to encourage banks to control risk mitigation as well as to promote the business of banks. It is particularly important to maintain the stability of the banking sector during a financial crisis.
Supplementary Materials: The following are available online at http://www.mdpi.com/2227-7072/6/3/66/s1.
